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Abstract: - I hope that with the help of this paper, Farmer will increase his farming method and crop fertility. 

Process of flue gas desulfurization and use of gypsum, then production of the flue gas produces by the thermal 

power plant, by the desulfurization process we can control pollution and find out gypsum. Finally, use of 

gypsum in many  areas and increases productivity and revolution in farming by this process of gypsum. 
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Introduction: -  

It's been a long time since calcium sulphate is known as gypsum which is being used as a tool of 

multiple use in agriculture, around the globe. Its full availability, relatively lower price makes it an excellent 

agronomic and environmental tool to improve the soil physical and chemical properties. Basically, as it is 

being seen, even today it is very important to make the farmers aware about the new technology and the 

techniques to make the crop fertile. The initiative of the Government of India is moving towards the farmers. 

Information about new farming techniques is being made available to farmers by the Government of India 

through newspapers, TV news, journals, conferences and by going from village to village. Gypsum is a very 

soft mineral that is easily identified by its hardness, cleavage, and solubility in water. Typically clear to white, 

gypsum may be coloured reddish to brown or yellow if impurities are present. We know that today many  

thermal power plants are currently running in Madhya Pradesh,  6315 thermal plants are installed and by 

thermal power plant more flue gases are produced in the burning of coal than generation of electricity. 

 The English word for plaster is “Gypsum”, and German is “Gyps”. It all comes from the Greek  

(gypsos), and then the Latin word is “gypsus”. At that time, it didn’t mean gypsum in the modern sense, but 

meant something like moonstone.Gypsum is a moderately soluble source of the essential plant nutrients, 

calcium and sulfur, and can improve overall plant growth.The main components of gypsum are calcium sulfate 

(CaSO4) and water (H2O). Its chemical name is Calcium Sulphate Dihydrate and the chemical formula of 

gypsum is represented as CaSO4.2H2O.  Gypsum and Anhydrite (CaSO4) are very similar chemically just that 

gypsum has 2 water molecules and Anhydrite does not contain any water molecules. 

Chemical Classification Sulfate 

Chemical Composition Hydrous Calcium Sulfate, CaSO4.2H2O 

Mohs Hardness 2 

Specific Gravity 2.2 

Colour Colourless, Red, Brown, Clear, Yellow, White, Grey 

Diaphanous Property Transparent to translucent 

Texture Silky, Sugary, Vitreous 

Cleavage Perfect 

Crystal System Monoclinic 

Diagnostic Properties Specific gravity, cleavage, low hardness 
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Generally, the production process of gypsum powder is mainly divided into five stages first crushing second 

Screening third grinding fourth calcination and final storage and transportation. Raw gypsum ore is processed 

into a variety of products such as a Portland cement additive, soil conditioner, industrial and building plaster, 

and gypsum wallboard. 

Working process of FGD 

Flue gas desulfurization is the process of removing sulphur compounds from the exhaust emissions of fossil-

fueled power stations. This is done through the addition of absorbents, which can remove up to 95% of the 

sulphur dioxide from the flue gas. For the removal of SO2 from flue gas, a wet process using calcium carbonate 

as an absorbent is most commonly adopted in commercial plants. The wet process shows a high efficiency but 

needs a large amount of water. SO2 is fixed in the form of calcium sulfate. One effective desulfurizer is a 

calcium-silicon alloy containing 30 percent calcium. Metallic calcium desulfurizes by forming the very stable 

compound calcium sulfide (CaS), and it is alloyed with silicon because pure calcium reacts instantaneously 

with water and is therefore difficult to handle. 

 

 

Plant Layout for FGD process for Gypsum 

`FGD Gypsum generation scenario in India The production of gypsum (CaSO4.2H2O) based on SO2 removal 

can be estimated from the above chemical equation considering their molecular weights, 1 mole of SO2 

produces 1 mole of gypsum. The SO2 emissions in the flue gas depends on the sulphur content of the coal 

burned. Considering the sulphur content of Indian coal to be around 0.35% and considering variation in 

specific coal consumptions of various unit sizes, Central electricity Authority (CEA) has estimated the FGD 

gypsum generation in tonnes per annum (tpa) per MW considering plant utilization or plant load factor (PLF) 

of 80% and 55% which is tabulated below: 

 

Unit Capacity  

(MW) 

Specific Coal Consumption  

(kg/kWh) 

FGD gypsum generation 

  TPA/MW @80% 

PLF 

TPA/MW @55% 

PLF 

Upto 250  0.764 100.7 69.25 

250-500  0.684 90.18 62 

500-600  0.584 76.99 52.93 

Abobe 600  0.524 69.08 47.49 
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Till December 2022, only the following 02 Coal Fired thermal power plants have installed Flue gas 

desulfurization (FGD) system: 

Types of gypsum products: - 

Type I – Impression Plaster  

Type II – Dental plaster used in model material 

Type III – Dental stone used in mounting material 

Type IV – Die stone or high storage stone 

Type V – High strength which is used when a high expansion is needed as die material like in fabricating base 

metal alloy castings 

Agricultural gypsum benefit 

1. Improving soil structure helps farmers. 

2. Provides Calcium and Sulphur. 

3. Improves Crop Yield. 

4. Reduces Crusting. 

5. Improves Water Infiltration. 

6. Reduces Compaction. 

7. Reduces erosion by increasing the ability of soil to soak up water after precipitation, thus reducing run 

off proves Soil Structure. 

Overview of the Gypsum (for gypsum processed and use) 
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Gypsum is a naturally occurring mineral that has been used by humans for various purposes for thousands of 

years. It is a versatile mineral with a wide range of applications in construction, agriculture, industry, and even 

art. 

1.Agriculture: Gypsum is applied to soil in agriculture to improve its structure and reduce soil compaction. It 

provides essential calcium and sulphur nutrients to plants and can help in reclaiming saline or sodic soils. 

2.Construction: Gypsum is widely used in construction as a building material. Plaster of Paris and gypsum 

board (drywall) are common products derived from gypsum. Plaster is used for creating decorative finishes 

on walls and ceilings, while gypsum board is used for interior wall and ceiling construction. 

3.Industrial Applications: Gypsum has various industrial uses, including in the production of cement, as a 

filler in paper and textiles, and as a component in making Molds and casts. Art and Sculpture: Gypsum has a 

long history of use in art and sculpture. Artists use it to create intricate sculptures and Molds for casting. 

Gypsum is used to produce sulfuric acid, and then to produce ammonium sulfate fertilizer. Anhydrite can 

adjust the pH of the soil, improve the soil environment, and can also provide various fertilizers with nutrients 

such as calcium and sulfur. The application of calcium sulfate (gypsum) during peanut planting not only has 

a significant effect on increasing the yield of peanuts, but also plays an extremely important role in peanut 

pest control, efficient fertilization and soil improvement. Gypsum’s chemical composition is relatively simple, 

consisting primarily of calcium, sulphur, oxygen, and hydrogen atoms. Its chemical formula, CaSO4·2H2O, 

indicates that each unit of gypsum is composed of one calcium (Ca) atom, one sulphur (S) atom, four oxygen 

(O) atoms, and two water (H2O) molecules. The two water molecules are structurally bound to the calcium 

sulfate, giving gypsum its characteristic hydrated form. 

4. The water content in gypsum is essential to its unique properties and versatility: -When gypsum is heated, 

it undergoes a process called calcination, during which it loses some or all of its water content, depending on 

the temperature and duration of heating. This results in the formation of different gypsum products with 

varying properties, such as plaster of Paris, stucco, and gypsum. 

Emissions to Air and its Effects: - 

 

 

 

 

FGD operation and production of FGD gypsum directly depends upon the coal consumption, Sulphur 

content in coal, quality of limestone etc.  Therefore, the efficiency of FGD process may differ from unit 

to unit. The FGD operational parameters at different thermal power plants is as below: 
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S.No. Parameters  Mahatma 

Gandhi TPP, 

Haryana 

The Vindhyachal 

Thermal Power 

Station, M. P. 

Udupi Power Plant, 

Karnataka 

1 Sulphur in coal . 0.35 % 10.49 % 0.53 % 

2 Absorber Inlet 

SO2 

1094 mg/Nm3 1852 mg/Nm3 2007.17 mg/Nm3 

3 FGD Outlet SO2 108 mg/Nm3 178 mg/Nm3 984.96 mg/Nm3 

4 Desulfurization 

Efficiency 

90.1% . 90.4 % 85% 

5 Flue gas Inlet 

Temperature 

125°C 145°C 140 ⁰C 

6 Operating 

Condition 

BMCR  BMCR Wet condition (25% 

of the total flue gas) 

 

Characteristics of Flue Gas Desulfurization (FGD) Gypsum 

FGD Gypsum is a gray colored, fine grained powder having moisture content ranging 10-15%. The FGD 

gypsum contains 80-90% Calcium Sulphate Di-hydrate (CaSO4.2H2O) by mass and around 3% silica (as 

SiO2). The range of oxides in FGD Gypsum depends highly on the quality of limestone used in the process. 

The characteristics of limestone and the FGD Gypsum generated from different thermal power plants is given 

below: 

Limestone Characteristics 

S.N. Components 
 

Mahatma Gandhi TPP,  

Haryana 
 

Udupi Power Plant,     

Karnataka 

1 Size  

 

10-80mm (>90%);  Below 

10mm (<10%) 

 

50-60 mm 

2 CaCO3 (Calcium Carbonate) > 90 % 80-98 

 

3 CaO (Calcium oxide) > 50.5 % - 

4 MgCO3 (Magnesium 

Carbonate) 

< 2.5 % 1.0-8.0 

5 MgO (Magnesium oxide) < 1.35 % - 

6 Silica (Si) < 2.5 % 1.0-8.0 

7 Fe2O3 (Iron(III) oxide or ferric 

oxide) 

< 2 % 1.0-4.0 

8 Al2O3 (Aluminum Oxide) < 2 % - 

 

Global Practices: 

FGD system for removal of Sulphur from flue gas of Coal Fired Thermal Power Plant has been adopted 

globally decades ago. Thus, the FGD gypsum is being managed Globally through various methodologies. 

Globally, the following practices have been majorly adopted for utilization of FGD gypsum: 

1. Production of Gypsum Board 

2. Cement Manufacturing  

3. Composite Binder 
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4. Soil Amendment 

5. Mine Backfilling 

Where is Gypsum Found?  

Gigantic gypsums are formed beneath layers of sedimentary rock, along with halite, anhydrite, sulfur, calcite, 

and dolomite. Thick beds and layers of rocks are commonplace for finding gypsum. Ocean water is high in 

calcium and sulfate minerals so gypsum is also found in lagoons as the water in the ocean can slowly evaporate 

and be replenished with new sources of water. When water evaporates, the mineral is left behind. Evidence of 

gypsum dunes has been found on the planet Mars as well.  

Physical and Chemical Properties of Gypsum Mineral  

Gypsum was known as Spear Stone in old English since it takes a crystal-like form, projecting out of a rock 

like a spear. You can mix gypsum with water to get its original rock-like shape, and it can be hardened. Its 

recycling loop can be termed as a “closed recycling loop” since you can recycle it for a number of times and 

it never loses its quality. It is moderately soluble in water, and its solubility reduces with the rise in temperature, 

contrary to the behaviour of other salts. Here are some of its important chemical and physical properties at a 

glance: 

Gypsum is heavily used as a building material, and in plaster of paris, as a matter of fact, about three-fourths 

of the total production is used for such purpose. 

Utilization: 

A significant number of studies and research projects have been undertaken globally as well as in India to find 

out beneficial utilizations of FGD Gypsum. The utilization of the FGD gypsum is directly proportional to its 

quality. The major parameters which affects the utilization potential of the FGD gypsum are Moisture, Purity 

for which Central Electricity Authority (CEA) in its “Standard Technical Specification for Retrofit of Wet 

Limestone Based Flue Gas Desulphurisation (FGD) System in a Typical 2x500 MW Thermal Power Plant” 

has outlined that “The system shall be capable of producing gypsum with residual moisture not more than 10 

%, chloride content less than 100 ppm and purity not less than 90 % (depending upon purity of available 

limestone)”. Further, in context of removing the impurities it has been stated that “The filter shall be designed 

with cake washing equipment. This equipment shall be capable of reducing the concentration of dissolved 

solids in the process liquor (primarily chloride) to levels that meet the commercial gypsum quality 

specifications.” 

Occurrence of Gypsum 

As said earlier, Gypsum occurs along with other minerals such as 

halite and anhydrite. These all are the evaporite minerals, and 

hence the gypsum. It means that Gypsum is the sedimentary 

deposit, that is to say, it is deposited by the action or the work of 

wind or the water, usually in the bottom of the water body. In 

particular, Sulfate is deposited from the natural brine that occurs 

in the ocean, which is then followed by anhydrite and halite.  

A Gypsum rock is first mined or quarried, the crushed and ground 

to a fine powder. It then goes through a process called calcining 

where heat at 350 degree is supplied to the gypsum powder which removes 3/4th of the water molecules. The 

raw materials of the gypsum powder is natural gypsum ore. 

Throughout the world, gypsum deposits occur in many countries, but Spain, the United State of America, 

Russia, Turkey, and Thailand are the top-most producers of Gypsum. Since gypsum is dissolved in the water 

over a period of time, only on rare occasions it can be found in the form of sand, and hence mostly it is found 

in the crystal form. The gypsum crystal of more than 3 metres or of almost 10 feet in length, and of 0.4 metres 

or almost about 1.5 feet in diameter, was found in the Braden mine of Chile. This particular crystal of the 

Gypsum is one of the largest crystals of gypsum ever found. 
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CONCLUSIONS: - 

This study involves desulphurization experiments in a spray dryer using relevant sorbents (hydrated 

lime, limestone and trona) to compare their performance characteristics towards the absorption of SO2. This 

study focused on the utilization of waste from power plants, construction and demolition waste, agricultural 

wastes etc. The main conclusions are summarized as follows: 

 1. Concrete brick specimen S01 produced from 5.5% FGD gypsum without CDW and OPT cured at 28 days 

obtained the highest compressive strength (45.18 MPa), while concrete brick specimen S12 produced from 

5.5% FGD gypsum, 75% CDW, and 1% OPT obtained the lowest compressive strength (26.84 MPa).  

2. This technology can assist the farmers in the increased production and can help grow their business to a 

larger scale.  

3. All established technologies can meet the demands for SO2 removal for the Indian market 

 All technologies have different consideration and often related to operation and capital cost transferred to 

NPV  

4.Specifically for low to medium range sulphur content, the DFGD and SWFGD will most probably be the 

preferred total evaluated technologies. 

5. Adding only FGD gypsum in the production of concrete brick specimens showed that the compressive 

strength of these specimens increased with significant differences when compared to the compressive strength 

of the control.  

 

REFERENCES 

1. A 1-D Model Of Spraying Performance For Wet Flue Gas Desulfurization Scrubber Based On 

Predicted Slurry Temperature, Https://Doi.Org/10.1016/J.Applthermaleng. 2019.03.064, Accepted 11 

March 2019. 

2. A Novel And Effective Method For Removing Organic Sulfur From Low Rank Coal, 

Https://Doi.Org/10.1016/J.Jclepro.2017.11.141 0959-6526/© 2017 Elsevier Ltd. All Rights Reserved. 

3. A Review On Methods Of Flue Gas Cleaning From Combustion Of Biomass, & 2013 Elsevier Ltd. 

All Rights Reserved. Http://Dx.Doi.Org/10.1016/J.Rser.2013.09.005. 

4. Advanced Flue Gas Cleaning Systems For Sulfur Oxides (Sox), Nitrogen Oxides (Nox) And Mercury 

Emissions Control In Power Plants, © Woodhead Publishing Limited, 2010 

5. Agricultural Uses For Flue Gas Desulfurization (FGD) Gypsum, National Service Center For 

Environmental Publications (NSCEP) 

6. Effects of Flue Gas Desulfurization Gypsum By-Products on Microbial Biomass And Community 

Structure In Alkaline–Saline Soils, Received: 28 December 2011 / Accepted: 19 April 2012 / Published 

Online: 24 May 2012 # Springer-Verlag 2012. 

7. Environmental Feasibility Of Soil Amendment With Flue Gas Desulfurization Gypsum (FGDG) For 

Terrestrial Carbon Sequestration, Environ Earth Sci (2016) 75:1148 DOI 10.1007/S12665-016-5966-

X, Received: 1 February 2016 / Accepted: 1 August 2016 / Published Online: 9 August 2016, Springer-

Verlag Berlin Heidelberg 2016. 

8. Impact Of Leaching Conditions On Constituents Release From Flue Gas Desulfurization Gypsum 

(FGDG) And FGDG-Soil Mixture, Http://Dx.Doi.Org/Doi:10.1016/J. Jhazmat .2016.01.019, 

Accepted Date: 9-1-2016 

9. Navarrete, I., Vargas, F., Martinez, P., Paul, A., Lopez, M., 2021. Flue Gas Desulfurization (FGD) Fly 

Ash As A Sustainable, Safe Alternative For Cement-Based Materials. Journal Of Cleaner Production 

283, 124646. 

10. New Composite Gypsum Plaster – Ground Waste Rubber Coming From Pipe Foam Insulation, 0950-

0618/$ - See Front Matter 2014 Elsevier Ltd. All Rights Reserved. 

Http://Dx.Doi.Org/10.1016/J.Conbuildmat.2014.01.027. 

http://www.ijcrt.org/
http://dx.doi.org/Doi:10.1016/J.%20Jhazmat%20.2016.01.019


www.ijcrt.org                                                              © 2024 IJCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882  

IJCRT2403502 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e153 
 

11. Process Modeling, Optimization And Cost Analysis Of A Sulfur Recovery Unit By Applying Pinch 

Analysis On The Claus Process In A Gas Processing Plant. Published: 27 December 2021. 

12. Properties Of Gypsum Composites Containing Vermiculite And polypropylene Fibers: Numerical and 

Experimental Results. 0378-7788/$ – See Front Matter © 2013 Elsevier B.V. All Rights Reserved. 

Http://Dx.Doi.Org/10.1016/J.Enbuild.2013.11.047. 

13. Properties Of Semi-Dry Flue Gas Desulfurization Ash And Used For Phosphorus Removal, IOP Conf. 

Series: Materials Science And Engineering 359 (2018) 012021 Doi:10.1088/1757-

899X/359/1/012021. 

14. Received 12 September 2020; Received In Revised Form 13 November 2020; Accepted 10 December 

2020, 2405-8440/© 2020 The Author(S). Published By Elsevier Ltd. 

15. Recent Advances In Flue Gas Desulfurization Gypsum Processes And Applications – A Review, 

Https://Doi.Org/10.1016/J.Jenvman.2019.109572 Received 3 December 2018; Received In Revised 

Form 29 July 2019; Accepted 11 September 20190301-4797/ Published By Elsevier Ltd. 

16. Redesigning Lightweight Gypsum With Mixes Of Polystyrene Waste From Construction And 

Demolition Waste, EscuelaTécnica Superior De Edificación (UPM). Departamen to DeTecnología. 

Universidad Politécnica De Madrid.  

17. Removal Of SO2 From Low Sulfur Coal Combustion Gases By Limestone Scrubbing, Journal Of The 

Air Pollution Control Association, 24:1, 29-39, DOI: 10.1080/00022470.1974.10469890,To Link To 

This Article: Https://Doi.Org/10.1080/00022470.1974.10469890. 

18. Role Of Gypsum In Conserving Soil Moisture Macronutrients Uptake And Improving Wheat Yield In 

The Rainfed Area, Water 2023, 15, 1011. Https://Doi.Org/10.3390/W15061011. 

Https://Www.Mdpi.Com/Journal/Water. 

19. Role Of Sulphur Nutrition In Enhancing The Productivity Of Pulses And Oilseeds, Indian Journal Of 

Natural Sciences, Accepted: 10 May 2022. 

20. Selective Sulfur Removal From Semi-Dry Flue Gas Desulfurization Coal Fly Ash For Concrete And 

Carbon Dioxide Capture Applications, Https://Doi.Org /10. 1016/J. Wasman.2020.12.007 0956-053X/ 

2020 Elsevier Ltd. All Rights Reserved. 

21. Simulation Model Of Wet Flue Gas Desulphurization Plant, Computers Them. Engng Vol. 19, Suppl., 

Pp. S283-S286, 1995 Copyright 0 1995 Elsevier Science Ltd. 

22. Sulfur Containing Scaffolds In Drugs: Synthesis And Application In Medicinal Chemistry, Author 

Manuscript Curr Top Med Chem. Author Manuscript; Available In PMC 2016 May 23. 

23. Sulfur In Seeds: An Overview, Plants 2022, 11, 450. Https://Doi.Org/10.3390/Plants11030450, 

Published: 6 February 2022,MDPI. 

24. Sulphur As A Dynamic Mineral Element For Plants: A Review, Received: 21 October 2021 / Accepted: 

31 January 2022 © The Author(S) Under Exclusive Licence To Sociedad Chilena De La Ciencia Del 

Suelo2022. 

25. Summary Of Flue Gas Denitration Technology For Coal-Fired Power Plants, IOP Conf. Series: Earth 

And Environmental Science 300 (2019) 032054, Doi:10.1088/1755-1315/300/3/032054. 

26. The Performance Of Hydrated Lime Derived From Industrial  Brine Sludge Waste In Spray Dry 

Scrubbing Of SO2, Https://Doi.Org/10.3390/ECP2023-14623, Published: 17 May 2023. 

27. The Use Of Waste Heat From Flue Gas In The System Of Regeneration Of Steam Boiler Supply Water, 

Department Of Energy Engineering, Częstoc how a University Of Technology, DOI: 

10.4467/2353737XCT.17.102.6578. 

28. The Utilization Of Flue-Gas Desulfurization Materials, Coal Combustion Products (CCP’s). 

Http://Dx.Doi.Org/10.1016/B978-0-08-100945-1.00006-X Copyright © 2017 Elsevier Ltd. All Rights 

Reserved. 

29. Tri-Reforming Of Methane Over Ni Catalysts For CO2 Conversion To Syngas With Desired H2/CO 

Ratios Using Flue Gas Of Power Plants Without CO2 Separation. @ 2004 Elsevier B.V. All Rights 

Reserved. 

30. Use Of Flue Gas Desulfurization Gypsum, Construction And Demolition waste, And Oil Palm Waste 

Trunks To Produce Concrete Bricks, Received: 30 July 2020; Accepted: 14 August 2020; Published: 

18 August 2020. 

http://www.ijcrt.org/


www.ijcrt.org                                                              © 2024 IJCRT | Volume 12, Issue 3 March 2024 | ISSN: 2320-2882  

IJCRT2403502 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org e154 
 

31. Use Of Gypsum On Soils: A Review, © 1989 By Springer-Verlag New York Inc. Advances In Soil 

Science, Volume 9. 

32. Wet Flue Gas Desulfurization Performance Of 330 MW Coal- Fired Power Unit Based On CFD Region 

Identification Of Flow Pattern And Transfer Process, Https://Doi.Org/10.1016/J.Cjche.2020.08.004, © 

2020 Published By Elsevier. 

33. Modeling of Limestone Dissolution for Flue Gas Desulfurization with Novel Implications, Energies 

2020, 13, 6164; doi:10.3390/en13236164, www.mdpi.com/journal/enegies. 

34. Modeling and Optimization of Wet Flue Gas Desulfurization System based on a Hybrid Modeling 

Method, Journal of the Air & Waste Management Association, DOI: 

10.1080/10962247.2018.1551252, Accepted author version posted online: 30 Nov 2018. 

35. A simple model for desulphurisation of flue gas using reactive filters, J Eng Math (2021) 129:14 

https://doi.org/10.1007/s10665-021-10145-z. 

http://www.ijcrt.org/

